Expression of a mouse atonal homologue, math1, de®nes cells with the potential to become sensory hair cells in the mouse inner ear (Science 284 (1999(Science 284 ( ) 1837 and Notch signaling limits the number of cells that are permitted to adopt this fate (Nat. Genet. 21 (1999) 289; J. Neurocytol. 28 (1999) 809). Failure of lateral inhibition mediated by Notch signaling is associated with an overproduction of ear hair cells in the zebra®sh mind bomb (mib) and deltaA mutants (Development 125 (1998a) 4637; Development 126 (1999) 5669), suggesting a similar role for these genes in limiting the number of hair cells in the zebra®sh ear. This study extends the analysis of proneural and neurogenic gene expression to the lateral line system, which detects movement via clusters of related sensory hair cells in specialized structures called neuromasts. We have compared the expression of a zebra®sh atonal homologue, zath1, and neurogenic genes, deltaA, deltaB and notch3, in neuromasts and the posterior lateral line primordium (PLLP) of wild-type and mib mutant embryos. We describe progressive restriction of proneural and neurogenic gene expression in the migrating PLLP that appears to correlate with selection of hair cell fate in maturing neuromasts. In mib mutants there is a failure to restrict expression of zath1 and Delta homologues in the neuromasts revealing similarities with the phenotype previously described in the ear. q
Results and discussion
The posterior lateral line system in zebra®sh includes a series of neuromasts that are deposited under the skin in the trunk and tail by the migrating posterior lateral line primordium (PLLP) (Metcalfe et al., 1985) . The neuromasts contain sensory hair cells that are surrounded by supporting cells (Coombs et al., 1989; Jones and Corwin, 1993) . Since hair cells in the neuromasts are very similar to those found in the ear, we examined the expression of zath1 (Kim et al., 1997) , and the neurogenic genes notch3 (Kim et al., unpublished data; also called Notch5, Westin and Lardelli, 1997) , deltaA and deltaB (Appel and Eisen, 1998; Haddon et al., 1998b) in the lateral line system to determine if expression of these genes correlates with selection of hair cell fate in neuromasts.
The PLLP migrates caudally and deposits neuromasts at regular intervals. The migration of the PLLP and the deposition of neuromasts along the trunk and tail can be monitored by examination of notch3 expression, which is observed in both the primordium and neuromasts during formation of the lateral line system (Fig. 1A±D ). While notch3 is widely expressed in the neuromasts, its expression is reduced or excluded from a centrally located hair cell that can be identi®ed by an acetylated a-tubulin antibody (Fig. 1C,D) . Before this antibody can recognize a hair cell, a cell in a corresponding location in the neuromast can be identi®ed by its relatively high expression of the proneural gene zath1 (Fig. 1H ). Zath1 expression is also observed in a progressively restricted pattern in three to four groups of cells along the length of the PLLP in a pattern that appears to identify potential hair cells in nascent neuromasts at various stages of maturation ( Fig. 2A) . Wider zath1 expression in immature neuromasts at the leading end of the PLLP appears to de®ne a`proneural cluster' in which many cells have the potential to become hair cells. The progressive restriction of zath1 in maturing neuromasts appears to correlate with a mechanism that normally limits the number of cells that are permitted to become hair cells in the neuromast.
As in the neural plate and zebra®sh ear where deltaA expression correlates with progressive selection of neuronal fate by the mechanism of lateral inhibition (Appel and Eisen, 1998; Chitnis, 1999; Haddon et al., 1998a; Takke et al., 1999) , its expression in maturing neuromasts appears to correlate with progressive restriction of zath1 expression and selection of hair cell fate (Fig. 2C) . Similarly, deltaB (Fig. 2E ) is expressed in a pattern that appears to identify the cell in each maturing neuromast that has been selected for hair cell fate in the PLLP. Examination of notch3 at the trailing end of the PLLP often reveals an isolated cell from which its expression is excluded (Fig. 2G, arrow) . This suggests that notch3 expression is excluded from selected hair cells in the maturing neuromasts. Its expres- sion, however, is retained in surrounding cells that presumably adopt a supporting cell fate.
Mind bomb (mib) mutants, characterized by a number of changes diagnostic of a failure of lateral inhibition mediated by Notch signaling (Jiang et al., 1996; Schier et al., 1996) , fail to show normal restriction of zath1 and deltaA expression in the maturing neuromasts and the number of deltaBexpressing cells is increased (Fig. 2B,D,F,I ). Furthermore, notch3 expression is excluded from a larger number of cells at the trailing end of the PLLP in mib mutants (Fig. 2H,I ). Consistent with this observation, notch3 expression is excluded from more cells in neuromasts that have been deposited by the migrating PLLP in mib embryos (Fig.  1F,J) . This change is accompanied by a corresponding increase in the number of zath1-expressing cells (Fig. 1K) . These changes suggest that in mib mutants failure to restrict expression of zath1 leads to speci®cation of too many cells for a hair cell fate at the cost of support cells. This interpretation is supported by the observation of supernumerary hair cells in some mib neuromasts (Fig. 1L) . It must be noted, however, that typically it is dif®cult to identify neuromasts with the tubulin antibody in mib mutants. One possible explanation for this is that, as previously described in the zebra®sh ear, hair cells quickly degenerate in the absence of surrounding support cells and therefore most often do not survive to the point when they can be recognized by the tubulin antibody.
Our observations are consistent with a role for zath1 in the determination of hair cell fate in neuromasts. Furthermore, our study shows that the migrating PLLP is an attractive system to study interactions mediated by neurogenic genes that lead to selection of neural fate by lateral inhibition.
Materials and methods

In situ hybridization and immunostaining
Mib mutant embryos were collected after crossing heterozygous mib m178 adults. Embryos were raised at 28.58C, ®xed overnight at 48C in 4% paraformaldehyde/phosphatebuffered saline and then transferred to 100% methanol in which they were stored at 2208C until being processed for whole-mount in situ hybridization (Jowett and Lettice, 1994) and immunostaining (Chitnis and Kuwada, 1990) as described before. Digoxigenin-labeled RNA probe for notch3 was made by linearizing with HindIII and transcribing with T3 RNA polymerase. In double-labeled embryos, in situ hybridization was followed by immunostaining with an anti-acetylated a-tubulin mouse monoclonal antibody (6-11B-1, Sigma) at a dilution of 1:2000.
